In 3 separate experiments, the same samples of young and older adults were tested on verbal and visuospatial processing speed tasks, verbal and visuospadal working memory tasks, and verbal and visuospatial paired-associates learning tasks. In Experiment 1, older adults were generally slower than young adults on all speeded tasks, but age-related slowing was much more pronounced on visuospatial tasks than on verbal tasks. In Experiment 2, older adults showed smaller memory spans than young adults in general, but memory for locations showed a greater age difference than memory for letters. In Experiment 3, older adults had greater difficulty learning novel information than young adults overall, but older adults showed greater deficits learning visuospatial than verbal information. Taken together, the differential deficits observed on both speeded and unspeeded tasks strongly suggest that visuospatial cognition is generally more affected by aging than verbal cognition.
less than 1.5 times longer to perform verbal tasks and more than 2 times longer to perform visuospatial tasks than young adults. Further analyses at the individual level revealed that all but one of the older adults showed greater visuospatial than verbal slowing, suggesting a robust difference in cognitive slowing between the two domains.
One plausible explanation for this differential age-related deficit in speeded performance in the verbal and visuospatial domains involves differences in the novelty of the verbal and visuospatial tasks. Specifically, older adults have had extensive practice with verbal information over the course of a lifetime. As a result of such practice, any task involving verbal processing is likely to show relatively little, if any, age-related decline. Moreover, visuospatial laboratory tasks are arguably more novel than verbal tasks for most older adults. In light of the well-established finding that older adults have greater difficulty processing novel information than young adults (e.g., Cornelius, 1984; Kirasic, 1991; Willis, 1987) , it may be true that older adults show greater visuospatial than verbal slowing simply because they are less familiar with the visuospatial than the verbal tasks.
Alternatively, the age-related differential deficit in processing speed on verbal and visuospatial tasks may not be due to differences in task familiarity but to a differential decline in the ability to process verbal and visuospatial information more generally. If so, then older adults should show greater deficits in visuospatial than verbal processing regardless of the type of task. In other words, similar differences to those observed between verbal and visuospatial processing speed should also be obtained between verbal and visuospatial performance on tasks that examine other aspects of cognition (e.g., learning and memory). Age differences in performance on psychometric tests, both speeded and unspeeded, provide some evidence in favor of this hypothesis (e.g., Schaie, 1996; Schaie & Willis, 1993; Salthouse, 1991; Storandt, 1977) . For example, Schaie and Willis (1993) found a 0.3 SD difference in performance on the Educational Testing Service Vocabulary Test between the youngest cohort (average age of 30 years) and the oldest cohorts (average age of 88 years) but a 1.5 SD difference in performance on the Primary Mental Abilities Spatial Orientation Test.
The present research investigated whether the age-related differential deficit in verbal and visuospatial performance observed on speeded tasks and psychometric tests would also be observed on other types of verbal and visuospatial cognitive tasks. Experiment 1 examined the speeded performance of young and older adults using the same verbal and visuospatial processing speed tasks previously used by . A major goal of this experiment was to determine whether the typical pattern of domain differences in age-related slowing occurs in very healthy older adults. The answer to this question is not only important in its own right, but in addition, if the present older adult sample did show differential slowing, then we intended to follow up this finding in the next two experiments. Specifically, we sought to determine whether domain-specific deficits on other types of cognitive tasks would be observed in an older adult sample that showed differential slowing in the verbal and visuospatial domains.
Experiment 2 examined whether a differential deficit similar to that observed on processing speed tasks (e.g., would be observed on verbal and visuospatial working memory tasks. In this experiment, the same samples of very healthy young and older adults were tested on verbal and visuospatial working memory tasks presented alone or with concurrent verbal or visuospatial secondary task requirements. We chose to examine age differences in working memory because working memory is believed to be an important determinant of performance on more complex cognitive tasks (e.g., Kyllonen & Christal, 1990; Salthouse, 1991) . Finally, Experiment 3 tested the same samples of healthy young and older adults on the acquisition of novel verbal and visuospatial information. The purpose of this investigation was to evaluate the extent to which there are differential age-related deficits in the development of memory-based automaticity (Logan, 1988 (Logan, ,1992 . Such an investigation is important because the results may be applicable to the acquisition of expertise on verbal and visuospatial tasks outside the laboratory.
It can be difficult to interpret a difference in the size of the age deficits on two tasks unless those tasks are equivalent in difficulty (Chapman & Chapman, 1973) . In each experiment, therefore, we attempted to obtain approximately equivalent verbal and visuospatial performance in either the young adult sample (Experiments 1 and 3) or in the older adult sample (Experiment 2) to minimize the possibility that variations in task difficulty could be responsible for any age-related domain differences that might be observed.
EXPERIMENT 1
Because age differences in health status have been shown to magnify age differences in cognitive function (e.g., Botwinick & Birren, 1963; Botwinick & Storandt, 1974; Salthouse, Kausler, & Saults, 1988) , the present experiment rigorously controlled for age differences in health. Specifically, young and older adult samples were matched on near visual acuity, current health status, and health history. We predicted that although the overall degree of age-related slowing would be less than that reported by , slowing would still be more pronounced on visuospatial tasks than on verbal tasks. That is, the slope of the function describing the relation between the response times of young and older adults on corresponding tasks and conditions would be greater for the visuospatial domain than for the verbal domain. It was important to establish at the outset whether the typical domain difference in processing speed was present in the current samples in order to know how to interpret any age differences in verbal and visuospatial cognition observed in the two subsequent experiments. Participants were screened using a detailed self-report health questionnaire that was designed to assess current sensory motor functioning, prior history of medical illness or disease, and prior history of possible psychiatric illness. Participants were excluded if they reported a history of alcohol or drug abuse or addiction or if they had been hospitalized within the last 5 years for a serious medical illness. In addition, participants were excluded if they reported ever having experienced specific visual problems (e.g., color blindness, cataracts, glaucoma, cataract surgery), medical problems (e.g., heart disease, thyroid disease, diabetes), neurological problems (e.g., stroke, epilepsy, traumatic head injury, multiple sclerosis), or psychiatric illness (e.g., chronic depression). Information on the use of over-thecounter and prescription medications was obtained, and participants were taking no medications known to affect general arousal, motivation, memory, or learning.
Method
Near visual acuity was measured using the Landolt's C test, 1 and both young and older adults had the equivalent of 20/40 (normal or correctedto-normal) vision or better. General health ratings were obtained using a 7-point Likcrt scale ranging from I (poor) to 7 (excellent). Mean selfhealth ratings were 6.19 (SD = 0.66) for young adults and 5.81
(SD -0.66) for older adults. This difference in health ratings was not significant, F(l, 30) = 2.62, p > .10, MSB = 0.43.
Materials
Software written by Sandra Hale 2 used Borland's Turbo Pascal to present PCX graphics files and to time, control, and record the presentation of the stimuli and the participant's responses. Stimuli were presented on a color monitor controlled by an IBM-compatible microcomputer. The response panel housed three buttons: a left response button, a right response button, and a third "ready" button centered below the two response buttons that was used by the participant to initiate each trial. Response times were recorded by the computer to the nearest millisecond for all tasks.
1 Frank Schieber provided the PostScript code for the acuity optotypes.
The Landolt C visual acuity test is an adaptation of traditional acuity measures that does not require a participant to be literate in order to accurately assess his or her visual acuity.
2 Sandra Hale may be contacted for more information about this program.
These tasks were the same as those used by .
A brief description of each task appears below. For a more detailed description of each task, see . above the center of the screen, and the bottom string was presented 1 A in.
Verbal Tasks
(0.61 cm) below the center of the screen.
Synonym-antonym judgment.
Participants decided whether two related words were the same or opposite in meaning. Four conditions were presented: synonym pairs consisting of high frequency words (e.g., loud
and noisy), synonym pairs consisting of lower frequency words (e.g., grieve and mourn), antonym pairs consisting of high frequency words (e.g., hard and soft), and antonym pairs consisting of low frequency words (e.g., domestic and foreign). The stimuli were the same as those used by . Each word was a maximum of 2 1 /2in. (6.13 cm) long and 
Category judgment.
Participants decided whether two words were from the same semantic category. Four conditions were administered: high typicality word pairs from the same category (e.g., ruby and emerald), low typicality word pairs from the same category (e.g., camel and buffalo), high typicality word pairs from different categories (e.g., dog and carrot), and low typicality word pairs from different categories (e.g., turnip and amethyst). The stimuli were chosen from Battig and Montague's (1969) 
Results
As may be seen in Figure I . Examples of the four levels of the abstract matching task. Black, gray, and white items reflect red, blue, and green colors, respectively. In Level 1, all three irrelevant dimensions were held constant. In the example, number, shape, and orientation of items were constant and a correct match was based on the relevant dimension of color making the right array the correct match. In Level 2, two irrelevant dimensions were held constant. In the example, shape and color were constant, whereas orientation and number were varied. The correct match for this example was based on the shape and orientation of the items, making die left array the correct match. In Level 3, one irrelevant dimension was held constant. In the example, color was constant, whereas number, shape, and orientation were varied. The correct match for this example was based on the color and orientation of the items, making the left array the correct match. Finally, in Level 4, no irrelevant dimensions were held constant. In the example, number, shape, color, and orientation were varied. The correct match was based on the number of items in each array, making the left array the correct match.
which young and older adults' error rates did not differ. These results raise the possibility of an age difference in speed-accuracy tradeoffs that may contribute to any observed differences in older adults' response times. However, the age differences in errors were substantially smaller across the visuospatiaJ tasks than across the verbal tasks. This pattern suggests that any age difference in speed-accuracy tradeoffs was greater on the verbal tasks than on the visuospatial tasks and thus might lead to greater verbal than visuospatial slowing rather than to the predicted difference between the domains.
Response times were trimmed by removing observations that were two or more standard deviations from the condition mean for each individual. With this procedure, less than 5% of all observations were removed. The mean response times and standard deviations by task condition are reported for both young and older adults in Table \ . For young adults, the range of difficulty spanned by the set of visuospatial tasks, as indicated by the condition mean response times, was approximately equal to that spanned by the set of verbal tasks. Notably, the range of young adults' latencies on the visuospatial tasks (range = 372 ms-1,035 ms) completely overlapped the range of their latencies on the verbal tasks (range = 541 ms-1,023 ms).
The older adults' mean response times for all 31 task conditions, regardless of domain (i.e., both verbal and visuospatial), were regressed on the corresponding response times of young adults. The regression line accounted for 67% of the variance in older adults' response times. An examination of the residuals revealed systematic deviations: Most (88%) of the visuospatial task conditions had positive residuals, and all of the verbal-task conditions had negative residuals. A test for separate regressions revealed significant differences between both the slopes, ?(30) = 8.34, p < .0001, and the intercepts, r(30) = -4.90, p < .0001, that described the verbal and visuospatial tasks.
The left panel of Figure 2 displays the mean response times of older adults from the 15 verbal-task conditions as a function of the young adult mean response times on the corresponding tasks. The linear function that best described the verbal data was as follows: older adult response time = (1.22 x young adult response time) + 152. This function accounted for 96% of the variance in the older group's verbal response times. The right panel of Figure 2 displays the mean response times of'older adults from the 16 visuospatial task conditions as a function of the corresponding young adult mean response times. The linear function that best described the visuospatial data was as follows: older adult response time = (2.56 X young adult response time) -469. This function accounted for 97% of the variance in the older group's visuospatial response times. An examination of the residuals revealed no significant outliers or systematic deviations from either fit.
Separate verbal and visuospatial regression slopes were obtained for each older adult by regressing that individual's mean response times on the young adult group's mean response times for the corresponding tasks. An examination of the resultant slopes revealed that all but one of the older adults (15 out of 16) showed greater slowing on the visuospatial tasks than on the verbal tasks. To determine if there were age-related differences in the degree of slowing between the two domains, we compared the verbal and visuospatial slopes of individual participants (Lorch & Myers, 1990) . Results from a paired / test revealed that older adults' visuospatial slopes were greater than their verbal slopes, r(15) = 4.39, p < .0001.
Discussion
Results revealed that the functions describing the relations between the older adults' verbal and visuospatial latencies and those of the young adult group each accounted for over 95% of the variance in the older group's mean response times. A comparison of the slopes of the verbal and visuospatial functions revealed that age-related slowing was more pronounced in the visuospatial Note. Response time (RT) was measured in milliseconds.
domain than in the verbal domain. This was also true at the individual level: All but one older adult showed greater visuospatial than verbal slowing. Importantly, these findings could not be attributed to domain differences in task difficulty. Task difficulty was equated in young adults such that their response times on the verbal tasks overlapped with their response times on the visuospatial tasks. The present study was not primarily concerned with heterogeneity of slowing within either the verbal or the visuospatial domain, and it was not possible to reliably examine heterogeneity of slopes within (as opposed to between) domains. More specifically, restriction of range and lack of power due to too few conditions in each task limit the reliability of slope estimates in virtually all conditions. However, previous research suggests that the degree of heterogeneity within each domain is relatively small. In the verbal domain, for example, equivalent age-related slowing on lexical decision and other verbal tasks (e.g., category matching) has been demonstrated in both meta-analyses (Lima et al., 1991) and experiments (Myerson, Hale, Chen, & Lawrence, 1997) . In the visuospatial domain, equivalent slowing on visual search and mental rotation tasks also has been demonstrated in bolh metaanalyses (Sliwinski & Hall, 1998) and experiments (Hale, Myerson, Faust, & Fristoe, 1995) . Moreover, the degree of slowing on abstract matching tasks has been shown to be similar to that for both visual search and mental rotation (Hale et al., 1995) . Thus, it appears that the degree of slowing within the verbal and visuospatial domains is relatively consistent, although recent studies suggest that the issue of heterogeneity within a domain may be more important when tasks involve short-term memory (Myerson, Jenkins, & Hale, 1998; Sliwinski & Hal], 1998; Swearer & Kane, 1996) . In contrast to the relative homogeneity of slowing within the verbal and visuospatial domains, there is a substantial difference in the degree of age-related slowing between these domains. The results of the present experiment are consistent with the findings from other experimental studies (e.g., Lawrence et al., 1999) and meta-analyses (Hale et al., 1987; Lima et al., 1991) that have demonstrated greater visuospatial slowing than verbal slowing. A comparison of the slowing coefficients in with those obtained in the present experiment suggests that including only very healthy older adults attenuated the age-related slowing observed in both the verbal (slope = 1.35 in Hale & Myerson study; slope = 1.22 in current Experiment 1) and visuospatial (slope = 3.11 in Hale & Myerson study; slope = 2.56 in current Experiment 1) domains. Nevertheless, even in the very healthy older adults studied in the present experiment, greater slowing was observed on the visuospatial tasks than on the verbal tasks.
EXPERIMENT 2
Next, we sought to determine if the same older adults who showed differential deficits in verbal and visuospatial processing speed would also show larger deficits in visuospatial than in verbal working memory. We chose to examine working memory ability because many researchers have argued that working memory capacity serves as a constraint on higher-order cognition (e.g., Baddeley, 1986; Carpenter, Just, & Shell, 1990; Kyllonen & Christal, 1990; Salthouse, 1991 Salthouse, , 1996 . If older adults show greater deficits in their ability to remember visuospatial than verbal information, then such deficits may translate into differential deficits in higherorder abilities.
Much of the current theorizing about working memory stems from Baddeley's (1986 Baddeley's ( , 1992 ) multicomponent model of working memory. This model consists of three subsystems: a phonological loop that maintains verbal or speech-based information, a visuospatial sketch pad that maintains visuospatial information, and a central executive that is responsible for the planning and coordination of cognitive operations. On the basis of results from dualtask studies, it has been suggested that the phonological loop and the visuospatial sketch pad are independent subsystems (Baddeley, 1986) . Specifically, several experiments have shown that verbal working memory is disrupted to a lesser extent when young adults must perform a concurrent visuospatial secondary task than when they must perform a concurrent verbal secondary task (e.g., Baddeley, Lewis, & Vallar, 1984; Hale, Myerson, Rhee, Weiss, & Abrams, 1996; Logic, Zucco, & Baddeley, 1990) . Similarly, visuospatial working memory is less affected when a concurrent verbal secondary task is performed than when a concurrent visuospatial secondary task is performed (e.g., Baddeley, Grant, Wight, & Thomson, 1975; Logie et al., 1990) . Taken together, the experimental evidence suggests a double dissociation of the verbal and visuospatial working memory systems.
Although a great deal of research has examined the effects of aging on working memory (see Craik & Jennings, 1992, and Salthouse, 1994c , for recent reviews), at the time of the present experiment only one published study had examined the effects of aging on verbal and visuospatial working memory performance in tasks that were equated for difficulty. In this study, Tubi and Calev (1989) examined young and older adults' ability to recall words and designs on tasks that were equated for difficulty in a sample of middle-aged adults. Compared with the middle-aged group, older adults performed worse overall and showed a larger deficit on visuospatial recall than on verbal recall, whereas young adults performed better overall and showed better performance on visuospatial recall than on verbal recall.
In the second experiment of the current study, we examined whether an age-related differential deficit similar to that obtained in Experiment 1 would be observed on verbal and visuospatial working memory tasks. The same samples of young and older adults who were tested in Experiment 1 were administered letter span and location span tasks similar to those used by Hale and her colleagues . In addition, we sought to examine the effects of secondary tasks on memory span in both verbal and visuospatial domains.
To obtain precise estimates of span, we used a' modified staircase methodology (Levitt, 1970; Watkins, 1977) in the present experiment. Finally, we sought to improve on previous working memory experiments in our laboratory (e.g., by equating the output requirement for the verbal and visuospatial memory conditions. In these previous experiments, participants orally recalled the items in the letter span task and marked the location of Xs in the location span task. To rule out possible differences in span performance due to different output requirements, participants in the present experiment touched the remem- Participants were exposed to six tasks: letter span with no secondary task, letter span with a verbal secondary task, letter span with a visuospatial secondary task, location span with no secondary task, location span with a verbal secondary task, and location span with a visuospatial secondary task. For all tasks, the background color of the display was dark gray, and the stimuli (letters or Xs) were presented either in tan (for the letter span and location span tasks with no secondary task) or in one of three colors: blue, red, or white (for the letter span and location span tasks with secondary tasks). Sample stimuli and procedures for all working memory tasks are depicted in Figure 3 .
Letter Span Tasks
Each letter (maximum of 1 in. 
Secondary Tasks
For all verbal secondary tasks, participants were required to indicate the color of the letter or X as it was presented by saying the color name out loud. For all visuospatial secondary tasks, five ovals ( each item in a series, the color of the letter or X was selected randomly with the constraints that each color was selected with similar frequency and the same color did not appear more than twice in a row within a series. The cluster of ovals appeared only when participants performed either a letter or location span task in conjunction with a spatial secondary task. In the cluster of ovals, two of the five ovals were filled with tan, and the remaining ovals were each filled with one of three colors (blue, red, or white). Colors for each oval were selected randomly with the constraint that each color appeared in each oval with similar frequency.
Procedure
Participants were tested individually in a quiet room in one session that lasted approximately 2 hr including rest breaks. Participants were administered the six memory tasks in the following order: location span with no secondary task, location span with a verbal secondary task, location span with a visuospatial secondary task, letter span with no secondary task, letter span with a verbal secondary task, and letter span with a visuospatial secondary task. For all tasks, each series began with the presentation of a fixation cross that was 1 in. X 1 in. (2.54 cm X 2.54 cm) in the center of the left-hand side of the screen. After the participant touched the fixation, a blank screen was presented for 500 ms after which each item was presented for 2,000 ms with 500 ms between the presentation of each item.
The signal to recall was a 300-ms tone, followed by the presentation of either the 12 boxes containing letters (letter span tasks) or an empty green grid (location span tasks) presented in the center of the left half of the computer screen. Participants touched a rectangular pad located on the right side of the screen to indicate that they had completed their response on that trial. For each task, participants were administered nine practice trials (three trials at each series length of one, two, and three). For the experimental trials, series length was manipulated using a modified staircase method.
Each series began with one item, and series length was incremented by two until the participant made an error in recall. After the first error, series length on each trial increased or decreased by one item depending on whether the response on the previous trial was correct or incorrect. Testing Pilot testing revealed that the present staircase procedure provided reasonable estimates of the maximum series length that a participant could reliably remember. Using this procedure, the average young adult's span was approximately seven letters, a value consistent with the average memory span on the Wechsler Adult Intelligence Scale-Revised (WAIS-R) Digit Span subtest (Wechsler, 1981) .
Results
For each span task, the probability of a correct response at a given series length was determined for each individual using all series lengths that were administered during that task. Subsequently, linear regression (probability on series length) was performed on all probability values between the longest administered series length having a probability of 1.00 and the shortest series length having a probability value of .00. Linear interpolation based on the regression equation was performed to determine the series length at which each individual's probability of correctly recalling the series was .50. The estimated series length atp = .50 was used as the measure of an individuals' memory span in each task.
In the lower panel of Figure 4 , an example of the span estimation procedure is displayed. In this example, the longest series length that was correctly recalled at each administration (p = 1.00) contained 8 items, and the shortest series length that was never recalled correctly (p = .00) contained 10 items. A linear regression performed on the probability correct at series lengths of 8, 9, and 10 yielded the regression equation p --.5 X 13 -12 -11 -10 -
-
Trial Number Probability = -.5 * Span + 5.03
Solve for probability = .5 Span = 9.06 1 2 3 4 5 6 7 8 9 10 11 12
Series Length Span + 5.03. Solving forp = .50 yielded a span estimate of 9.06 items. For virtually all participants in this experiment, two to five probabilities (M = 4; Mdn = 4) were used in the regression estimation. Young and older adults' mean letter and location spans and standard errors for all working memory tasks are displayed in Figure 5 . A 2 (age) X 2 (memory task) X 3 (secondary task) repeated measures ANOVA revealed significant main effects of age, F(\, 30) = 69.42, p < .0001, MSE = 4.38; memory task, F(\, 30) = 18.69, p < .001, MSE = 1.16; and secondary task, F(2, 60) = 22.98, p < .0001, MSE = 0.64. These effects were qualified by an Age X Memory Task interaction, F(l, 30) = 8.11, p< .01, MSE = 1.16. Planned comparisons revealed greater location spans (M = 7.58) than letter spans (M = 6.46) for young adults but no difference between letter and location spans for older adults (mean location span = 4.62 and mean letter span = 4.39). The fact that older adults showed no difference in memory for letters and memory for locations indicates that the letter span and location span tasks were of approximately the same difficulty for older adults.
The Memory Task X Secondary Task interaction was also significant, F(2, 60) = 44.94, p < .0001, MSE = 0.83. Paired ( tests revealed that there were significant effects of saying the color names on letter span and touching the colored ovals on location span (both ps < .0001). No significant effect of saying the color names on location span was obtained. There was also a small but significant effect of touching the colored ovals on letter span, f(31) = 3.38, p < .01. Importantly, the three-way interaction of Age X Memory Task X Secondary Task was not significant, F(2, 60) < 1.0; the power to detect this effect at ct = .01 was greater than .95.
Discussion
Results revealed that older adults had smaller working memory spans than young adults overall. However, older adults showed no difference in memory for letters and locations, whereas young adults showed larger location spans than letter spans. Thus, the age difference in working memory for locations was larger than the age difference in working memory for letters. These results suggest that there is a greater age-related decline in visuospatial working memory than in verbal working memory. This finding is consistent with results reported by Tubi and Calev (1989) and, more recently, by Myerson, Hale, Rhee, and Jenkins (1999) .
The present results indicate further that despite the pattern of domain differences on working memory spans, young and older adults showed similar patterns of secondary task interference in both domains. Neither group showed interference with location memory when they had to say the color names, and both groups showed relatively little interference with letter memory when they had to touch the matching colors. The finding that both young and older adults lost approximately half an item from verbal working memory when touching the matching colors was unexpected. One possible explanation is that participants may have said the color names to themselves while performing the spatial secondary task. If so, then covert rehearsal of the color names could have interfered with memory for the letters, but further experimentation is necessary to test this hypothesis.
Regardless of why the verbal secondary task had an effect on location memory, it is clear that the verbal secondary task had a much greater effect on memory for verbal information than on memory for spatial information and that the spatial secondary task affected spatial memory and not verbal memory. The relatively domain-specific effects of the secondary tasks on working memory provide evidence for distinct verbal and visuospatial working memory systems along the lines proposed by Baddeley (1986) . Further, the fact that the effects of secondary tasks are domainspecific in both young and older adults suggests that the verbal and visuospatial working memory subsystems remain distinct throughout the adult life span.
The lack of an age difference in interference effects within each domain is surprising from a variety of theoretical viewpoints. For example, both the inhibitory deficit hypothesis (Hasher & Zacks, 
Young Adults Older Adults
None Say Touch None Say Touch None Say Touch None Say Touch Secondary Task Figure 5 . Mean letter and location memory span (+1 standard error) by secondary task for young and older adults. The none, say, and touch labels refer to the three secondary task conditions. The none condition represents memory span without a secondary task, the say condition represents memory span with a concurrent verbal secondary task, and the touch condition represents memory span with a concurrent spatial secondary task. The white bars indicate the letter and location spans from the conditions without secondary tasks. The black bars indicate the letter and location spans from the verbal secondary task conditions. The gray bars indicate the letter and location spans from the spatial secondary task conditions.
1988) and the central executive deficit hypothesis (Baddeley, Logic, Bressi, Delia Sala, & Spinnler, 1986 ) predict more interference from secondary tasks in older adults. However, there is growing evidence that older adults are capable of ignoring irrelevant information, at least under some circumstances (e.g., Burke, 1997; McDowd, 1997; Scialfa, Joffe, & Jenkins, 1997; Verhaeghen & De Meersman, 1998 ). An age equivalence in interference has also been found in children (Hale, Bronik, & Fry, 1997) as well as in older adults (Jenkins, Myerson, Hale, & Fry, 1999) , suggesting that the processes underlying loss of information from working memory are relatively independent of the (age-sensitive) mechanisms that determine working memory capacity.
EXPERIMENT 3
The goal of the third and final experiment was to determine whether the same group of older adults who showed deficits in verbal and visuospatial processing speed and working memory would also show greater deficits in acquiring novel visuospatial than verbal information. Previous research has revealed robust age deficits in acquisition on a variety of cognitive tasks ranging from paired-associates learning (e.g., Kotary & Hoyer, 1994; Salthouse, 1994b) to visual search (e.g., Fisk, McGee, & Giambra, 1988; Fisk & Rogers, 1991) . Such age-related declines in acquisition have been linked to deficits in processing speed and working memory (e.g., Campbell & Charness, 1990; Charness & Campbell, 1988; Salthouse, 1994b) , but there is currently no consensus regarding the mechanisms that underlie age deficits in acquisition.
Although the effects of age on verbal and visuospatial acquisition have been examined separately in previous research, we believe that the present experiment is the first to compare the acquisition of novel verbal and visuospatial information in the same young and older adult participants. We chose to examine acquisition using an enumeration task (in which participants report the number of targets present in a display) because this task could easily be adapted to involve verbal or visuospatial pairedassociates learning. Specifically, in the present experiment, participants reported whether 10 or 11 letters were presented in an otherwise empty display. In the verbal paired-associates learning task, participants learned to make associations between letter identities and display numerosities. In the visuospatial pairedassociates learning task, participants learned to make associations between display patterns and display numerosities. Uncontaminated estimates of counting and memory retrieval were also obtained; the former was obtained using a task in which letter identities and display patterns were random across trials, and the latter was obtained using a task in which participants reported whether the number 10 or 11 was presented. Logan (1988 Logan ( , 1992 has argued that practice-related improvements in performance observed on enumeration tasks such as the one used in the present experiment result from the development of memory-based automaticity. Early problem-solving performance is hypothesized to be governed by the execution of a counting algorithm, whereas practiced performance is believed to be governed by the retrieval of specific information stored in memory (Logan, 1988 (Logan, , 1992 . More recently, however, Rickard (1997) argued that these improvements in performance with practice are most appropriately described as a mixture of two processes: counting and memory retrieval. That is, for any given trial, the response time on that trial reflects only one process-either counting or memory retrieval. Over a given block of trials, however, performance reflects a mixture of trials on which counting is used to obtain the solution and trials on which memory retrieval is used to obtain the solution. Over the course of practice, Rickard argued that the mixture of the two processes changes as the probability of choosing memory retrieval increases with practice, whereas the probability of choosing to count decreases with practice.
On the basis of Rickard's (1997) findings, a mixture model transformation (Townsend & Ashby, 1983 ) was used to assess age differences in verbal and visuospatial acquisition in the present study. Specifically, because uncontaminated measures of each individual's counting and memory retrieval times were obtained prior to acquisition, it was possible to determine the putative proportion of counting responses at each level of practice for each individual using that individuals' response times at each block of practice and using their uncontaminated estimates of counting and memory retrieval. The proportion of counting responses is calculated as the difference between the acquisition response time and uncontaminated memory retrieval time divided by the difference between the uncontaminated counting and memory retrieval times. (Note that when the acquisition response time equals the counting time, the proportion equals 1.0, and when the acquisition response time equals the memory retrieval time, the proportion equals 0.0.)
The resultant transformation serves two purposes. First, if Rickard (1997) is correct, then the present transformation provides an estimate of the proportion of counting responses. Second, regardless of whether or not Rickard is correct, the transformation represents a measure of how much of the potentially achievable increase in speed of performance (i.e., the difference between counting and memory retrieval times) an individual has achieved, expressed relative to his or her own baseline performance. Thus, the transformation effectively controls for both individual and age differences in response speed. Consequently, regardless of whether or not the data from the acquisition tasks represent a mixture of counting responses and responses based on memory retrieval, the use of the present transformation was particularly advantageous because it could be used to circumvent issues of both general and domain-specific slowing (Cerella, 1990 (Cerella, , 1991 .
Method

Participants
Participants were the same 16 young and 16 older adults who participated in Experiments 1 and 2. One day after the completion of Experiments 1 and 2, participants returned to the laboratory and were tested on the tasks in Experiment 3 over the course of the next 2 consecutive days. Participants received $30 for their participation in this experiment.
Materials
Software written by Sandra Hale used Borland's Turbo Pascal to present PCX graphics files and to time, control, and record the presentation of the stimuli and the participant's responses. Stimuli were presented on a color monitor controlled by an IBM-compatible microcomputer. The response panel housed three buttons: a left response button, a right response button, and a third ready button, centered below the two response buttons, that was used by the participant to initiate each trial. Response times were recorded by the computer to the nearest millisecond.
Memory Retrieval
Participants decided whether the number in the center of an otherwise light gray display was a 10 or an 11. The numbers were black and were a maximum of 3 /4 in. (1.84 cm) square. The numbers were randomly chosen on each trial with the constraint that neither number was presented more than three times consecutively. Participants were administered 100 trials for each number yielding a total of 200 trials. Examples of displays are shown in Figure 6 .
Counting
Participants decided whether 10 or 11 items were present in an invisible 7X7 cell matrix. The matrix was 4 in, (9.8 cm) square, and each item consisted of a black letter embedded in the center of a ] /2 in. (1,23 cm) white square. All letters in a given display were identical. The letters were chosen randomly from the alphabet (excluding T) on each trial with the constraint that no letter was presented on more than three consecutive
Numerosity of 10
Numerosity of 11
Memory Retrieval Task Counting Task
Identity Task Location Task Figure 6 . Sample stimuli for the memory retrieval and counting tasks and for the verbal and visuospatial paired-associates learning tasks. Note that in the verbal learning task, the identity of the target items remains the same within a numerosity but that the locations of those items change randomly from trial to trial (where trial n + 1 appears below trial n). In contrast, in the visuospatial learning task the locations or pattern of the target items remain the same within a numerosity, but the target identity changes randomly from trial to trial (where trial n + 1 appears below trial n).
trials. In addition, the item locations were chosen randomly on each trial with the constraint that all patterns differed by the location of at least one item. Participants were administered 100 trials for each numerosity, yielding a total of 200 trial presentations. Examples of displays are shown in Figure 6 .
Verbal and Visuospatial Paired-Associates Learning
Participants made numerosity judgments about 10 or 11 items presented in an invisible 7 x 7 cell matrix. The matrix was 4 in. (9.8 cm) square, and each item consisted of a black letter embedded in the center of a Vi in, (1.23 cm) white square. All letters in a given display were identical.
For the verbal version of the paired-associates learning task, the identity of the items was perfectly correlated with display numerosity, but the item For the visuospatial version of the paired-associates learning task, the spatial pattern of items within a display was perfectly correlated with numerosity, but the letters varied randomly across trials. Four spatial patterns were generated randomly for each numerosity (10 and 11), yielding a total of eight different spatial patterns that were administered to all participants. For each display, the identity of the items was randomly chosen from the following subset of letters not used in the verbal paired-
associates learning task: A, G, K, L, M, N, O, P, R, S, U, V, W, X, and Y.
Items were chosen randomly with the constraint that no letter was presented on more than three consecutive trials. The locations of letters were also chosen randomly with the constraint that the overall pattern of letters was not presented more than three times consecutively. In all, 90 trials of each display were administered, yielding a total of 720 trials during training. Examples of displays are shown in Figure 6 .
Procedure
Participants were tested individually in a quiet laboratory during two consecutive weekday sessions that each lasted approximately 2 hr including rest breaks. On the first day, participants were administered the memory retrieval task and either the verbal or visuospatial paired-associates learning task. On the second day, participants were administered the counting task followed by the remaining paired-associates learning task (either the verbal or visuospatial paired-associates task, depending on which task they received on the first day). For the verbal and visuospatial paired-associates task as well as the counting task, participants were told to report the number of items present in the display as quickly and as accurately as they could. In the verbal paired-associates task, participants were told that the identity of the items was correlated with display numerosity and that they should try to use this information to help them perform the task. In the visuospatial paired-associates task, participants were told that the arrangement of the items was correlated with display numerosity and that they should try to use this information to help them perform the task.
Each trial began with a fixation cross ('/4 in. [0.61 cm] square) presented in the center of the screen. Immediately after the participant pressed the center response button, the fixation cross was replaced by die display until the participant made a response. Accuracy feedback (a short beep) was provided only after an error was committed. For all tasks, participants were instructed to respond as quickly and as accurately as possible, keeping error rates at or below 5%.
Results
Mean response times (collapsed over numerosity), standard deviations, and error rates (percentage incorrect) for the memory retrieval, counting, verbal paired-associates learning, and visuospatial paired-associates learning tasks are shown by practice block in Table 2 for young and older adults.
Memory Retrieval and Counting Tasks
One older adult's data for the memory retrieval task were lost owing to computer error, and thus the analyses of both errors and response times for this task were based on data from the remaining 15 older adults. Mean errors for each block of trials in the memory retrieval task were submitted to a 2 (age) X 9 (practice block) repeated measures ANOVA. Overall, young and older adults committed few errors in the memory retrieval task. Nevertheless, results obtained from the ANOVA revealed a reliable main effect of age, F(l, 29) = 4.78, p < .05, MSE -0.002, indicating that older adults committed fewer errors than young adults (young adult M = 2%, older adult M = 1%). No other effects were significant.
The response time data for the memory retrieval task were submitted to a 2 (age) x 9 (practice block) repeated measures ANOVA. Results revealed main effects of age, F(l, 29) = 44.21, p < .0001, MSE = 71,966.00, and practice, F(8, 232) = 13.38, p < .0001, MSE -1,279.32, qualified by a significant interaction of age and practice, F(S, 232) = 7.08, p < .0001, MSE = 1,279.32. As may be seen in Figure 7 , young adults showed little change in memory performance over time, whereas older adults showed marked improvements in performance from Block 1 to Block 3, after which there was little further improvement.
Mean errors for each block of trials in the counting task were submitted to a 2 (age) X 9 (practice block) repeated measures ANOVA. Amain effect of age was obtained, F(l, 30) = 7.23, p < .05, MSE -0.05, indicating that older adults made fewer errors than young adults (young adult M = 15%, older adult M = 8%). An effect of practice was also obtained, ^(8, 240) = 2,62, p < .05, MSE = 0.01, indicating that error rates generally decreased with practice. No other effects were significant.
The response time data for the counting task were submitted to a 2 (age) X 9 (practice block) repeated measures ANOVA. Results revealed a main effect of age, F(l, 30) = 13.10, p < .001, MSE -7,944,437.05, indicating that older adults were slower to count than young adults. There was no significant effect of practice, ^(8, 240) = 1.03,/7>.10,MS£= 132,348.78, nor an Age X Practice interaction, F(8, 240) = 1.42, p > .10, MSE -132,348.78, indicating that counting performance did not improve with practice for either young or older adults.
Verbal and Visuospatial Paired-Associates Learning Tasks
Error rates for each individual were submitted to a 2 (age) X 2 (task) x 9 (practice block) repeated measures ANOVA. A main effect of task, F(l, 30) = 12.27, p < .05, MSE = 0.01, was obtained, indicating that more errors were committed in the visuospatial learning task (M = 9%) than in the verbal learning task (M = 5%). A main effect of practice was also obtained, F(%, Practice Block Figure 7 . Young and older adults' latencies on the memory retrieval tasks as a function of practice block. Circles represent young adult means, and squares represent older adult means.
latter portion of practice (i.e., Blocks 5-9) where performance was asymptotic for both age groups. Figure 8 displays the resultant group mean estimates of P t for the verbal and visuospatial learning tasks for both age groups. A 2 (age) X 9 (practice) X 2 (task) repeated measures ANOVA was conducted on P f Main effects of age, F(l, 30) = 25.29, p < .0001, MSB = 0.46, practice, F(S, 240) = 140.87, p < .0001, MSE = 0.02, and task, F(l, 30) = 34.28,p < .0001, MSB = 0.19, were obtained. The Age X Practice interaction, F(8, 240) = 3.78, p < .05, MSE = 0.02, was qualified by a significant Age X Practice X Task interaction, F(8, 240) = 8.76, p < .001, MSE -0.02. In the verbal learning task, older adults had larger values of P (M = 0.97) than young adults (M = 0.60) in the first block of practice, ;(30) = 3.38, p < .01, but both groups had similar values of P in the last block of practice (young adult M = 0.09, older adult M = 0.14), f(30) = 1.86, p > .05. In contrast, young and older adults showed similar values of P in the first block of practice of the visuospatial learning task, r(30) < 1, but young adults had substantially smaller values of P (M = 0.17) than older adults (M = 0.53) on the last block, ;(30) = 4.53, p < .0001. Thus, the interaction of age, practice, and task reflects the fact that opposite patterns of change in age differences were observed over the course of practice in the verbal and visuospatial domains.
It may be noted that despite our attempts to equate the difficulty of the verbal and visuospatial tasks in young adults as in Experiments 1 and 2, we were less successful in equating the young adults' acquisition rates for the two tasks in the present experiment. A 2 (condition) X 9 (practice) ANOVA performed on P revealed a significant effect of condition, F(l, 15) = 22.02, p < .001, MSE -.07, and a marginally significant interaction between condition and practice, F(S, 120) = 2.85, p = .09, MSE = .02. Such a finding potentially complicates the interpretation of the differential age difference in verbal and visuospatial acquisition. However, when performance at the end of acquisition is measured relative to performance at the beginning (e.g., F B iock s^Biock i)> analysis reveals that older adults improved significantly less on the visuospatial acquisition task than on the verbal acquisition task, /(15) = -4.30, p < XK)1, whereas young adults showed no difference in their overall improvement between the two conditions (p > .05). This finding suggests that regardless of the fact that verbal acquisition was faster than visuospatial acquisition for both young and older adults, the difference between performance in the two domains was significantly smaller for younger adults than for older adults at the end of practice.
Discussion
The results from Experiment 3 indicate an age-related deficit in the acquisition of novel information that is substantially more pronounced in the visuospatial than in the verbal domain. In the verbal paired-associates learning task, although young adults were more likely to retrieve solutions from memory than older adults early in practice, there was no age difference in the probability of successful memory retrieval at the end of practice. More specifically, in the last practice block both age groups successfully retrieved solutions from memory more than 85% of the time. In the visuospatial paired-associates task (i.e., the location task), both young and older adults were equally likely to use the counting algorithm in the first block of practice. On the last block of practice, however, young adults used memory retrieval successfully more than 80% of the time, whereas older adults used memory retrieval successfully less than 50% of the time. Thus, whereas practice resulted in no age difference in the probability of memory retrieval on the verbal task, the age difference in memory retrieval increased with practice on the visuospatial task because young adults improved much more than older adults. The results of the present experiment are consistent with other acquisition research indicating that older adults have greater difficulty than young adults acquiring novel information (e.g., Fisk et al., 1988; Fisk & Rogers, 1991; Kotary & Hoyer, 1994; Salthouse, 1994b) . More importantly, the findings also indicate that older adults had much greater difficulty acquiring novel visuospatial than verbal information in comparison with younger adults.
GENERAL DISCUSSION
To summarize, Experiment 1 demonstrated greater age-related deficits on visuospatial than verbal speeded tasks, consistent with previous research (e.g.. . Experiment 2 showed greater age-related deficits on visuospatial than verbal working memory tasks, a finding that is consistent with recent research showing greater age-related deficits in location memory than in verbal memory (e.g., Myerson et al., 1999) . Finally, Experiment 3 showed a greater age-related decrement in the ability to acquire novel nonverbal information than in the ability to acquire novel verbal information.
Taken together, the evidence from these three experiments, which used the same samples of young and older adults strongly suggests a general pattern of differential deficits in verbal and visuospatial cognition. The consistency of this pattern is striking considering the diversity in the types of tasks involved, and it provides compelling evidence that older adults are particularly disadvantaged when processing visuospatial information. Why are age-related deficits on visuospatial tasks greater than those on verbal tasks? In the following sections, we consider a number of psychological and neurobiological mechanisms that might explain this finding.
Psychological Mediators
Practice and Disuse
Differences in previous experience processing verbal and visuospatial information constitute one possible explanation for the present findings. There could be at least three different aspects to such differences in experience. First, over the course of a lifetime people may acquire greater expertise at verbal than visuospatial processing. Second, this difference in verbal and visuospatial expertise may be exacerbated by the types of tasks that are typically used in cognitive aging research. Third and finally, in addition to differences in the amount of experience with verbal and visuospatial processing accumulated over a lifetime, older adults may be particularly lacking in recent experience with visuospatial tasks.
With respect to the first possibility (i.e., that people, and older adults hi particular, may be experts at verbal processing but not at visuospatial processing), it is well established that age differences in performance between young and older experts are substantially smaller than those between young and older novices (Rogers & Fisk, 1996; Salthouse, 1991) . Thus, the relatively small age differences observed on verbal tasks and the relatively large age differences observed on visuospatial tasks might be hypothesized to reflect the differential effect of aging on expert versus novice performance. We would point out, however, that sighted individuals are engaged in processing visuospatial information much of their waking hours. Moreover, those who engage in the most, or at least the most demanding, visuospatial processing do not appear to show any less decline in spatial abilities.
This was shown by Salthouse (1994a) who compared the spatial abilities of a general sample of individuals without special visuospatial experience with the spatial abilities of individuals with extensive work-related experience in this area (i.e., architects and users of computer-assisted design and manufacturing systems). On the basis of the results of this comparison, Salthouse concluded that experience does not moderate the effect of aging on basic visuospatial processes. Although he did not specifically compare the age-related deficits in verbal processing with those in visuospatial processing, his findings are hard to reconcile with the view that visuospatial abilities show greater declines because they are more subject to disuse. Additional evidence against the disuse hypothesis as an explanation for age differences in visuospatial abilities comes from a number of studies (e.g., Salthouse, Babcock, Mitchell, Skovronek, & Palmon, 1990; .
With respect to the second possibility, even if general disuse of visuospatial abilities is ruled out, it still might be argued that the specific types of visuospatial tasks commonly used in cognitive aging research (e.g., mental rotation) are fairly novel, whereas the types of verbal tasks used may be more familiar. In Experiment 1, for example, the abstract matching task is probably more novel than the category membership task; it is less obvious, however, that the visual search task is more novel than the lexical decision task. This raises the question of how to operationally define task novelty, a question that arises again with respect to Experiments 2 and 3. We suspect, for example, that the need to remember random strings of four or more letters (as in Experiment 2) probably occurs no more frequently in everyday life than the need to remember four or more locations. Moreover, arbitrary pairings of letters and numbers and of patterns and numbers (as in Experiment 3) are both arguably relatively infrequent. Nevertheless, larger age-related deficits were observed on visuospatial tasks than on verbal tasks in all three experiments, a pattern of results that is not easily explainable on the basis of greater familiarity with the verbal tasks relative to the visuospatial tasks.
With respect to the third possibility (i.e., that greater deficits on visuospatial tasks reflect recent disuse of visuospatial abilities), the results from Experiment 3 of the present study provide evidence against this version of the disuse hypothesis. Although practice served to eliminate age differences in performance on the verbal paired-associates task, the age differences in performance on the visuospatial paired-associates task were greater at the end of practice than at the beginning. Moreover, both the size of the age difference and the relative stability of performance by both age groups at the end of the visuospatial paired-associates training suggest that further practice would be unlikely to reduce the size of this age difference. Assuming that 900 trials of practice on each task represent substantial recent use of the relevant verbal and visuospatial abilities and serve to reduce the novelty of the tasks, the results of this experiment argue against both the second (unfamiliarity) and third (lack of recent experience) versions of the disuse hypothesis, at least as explanations for greater deficits on visuospatial tasks relative to verbal tasks.
Fluid and Crystallized Intelligence
Another possible approach to understanding the greater agerelated deficits observed on the visuospatial tasks in the present study is based on the distinction between fluid and crystallized intelligence. Specifically, Horn and Cattell (1967) argued that fluid intelligence, which involves broad reasoning abilities and the ability to acquire novel information, is much more affected by aging than crystallized intelligence, which includes knowledge of culture and the world. With regard to the present research, is it possible that the observed differential age-related decline of visuospatial and verbal performance could be attributed to age differences in fluid versus crystallized abilities?
According to Horn and Cattell's (1967) theory, processing speed and memory span are each represented by separate factors: general speed and short-term apprehension and retrieval, respectively (Horn, 1978 (Horn, , 1985 . These factors are distinct from the fluid and crystallized intelligence factors. Similarly, paired-associates learning is also distinct from fluid and crystallized intelligence, although the actual factors involved probably represent a blend of several factors, including short-term apprehension and retrieval and long-term storage and retrieval. Thus, none of the tasks used in the present study constitute pure tests of fluid or crystallized intelligence, and as a consequence, the fluid-crystallized distinction appears to shed little light on the differential deficits observed in all three of the present experiments.
Direct and Indirect Effects of Slowing
Another approach to explaining the greater age differences in the visuospatial domain is to assume that cognitive slowing, either directly or indirectly, causes age-related deficits in other aspects of cognition. It is well-established that older adults are generally slower than young adults on virtually all cognitive tasks (e.g., Cerella, 1990 Cerella, , 1991 , and age-related slowing appears to be particularly pronounced in the visuospatial domain Lawrence et al, 1999; Lima et al., 1991) . Consistent with these findings, the older adults who participated in the present study showed greater age-related slowing on visuospatial tasks than on verbal tasks in Experiment 1.
It also is possible that differential slowing could be responsible for the greater age deficits in visuospatial relative to verbal working memory that were observed in Experiment 2. Baddeley (1986) suggested that the rate of articulatory rehearsal dictates the amount of information that can be maintained in verbal working memory (Baddeley, 1986) . This argument can be extended to visuospatial working memory by invoking some form of rehearsal of visuospatial information, although there is a question as to the exact nature of the rehearsal process (e.g., Logie, 1995) . If rehearsal rate is correlated with processing speed, then any change in processing speed (whether it results from aging, disease, or some other cause) could yield changes in the amount of information that can be maintained in working memory. Salthouse (1996) reviewed data from a number of cross-sectional studies that are consistent with this hypothesis.
More recently, Hale and her colleagues (Hale, Lawrence, Myerson, & Storandt, 1998) reported that older adults who showed decreases in processing speed over an approximately 2-yr interval also showed decreases in working memory span. Importantly, the decreases in span tended to be domain specific: Visuospatial slowing was associated with declines in spatial working memory, and verbal slowing was associated with declines in verbal working memory. From the current perspective, the fact that the effects of slowing tended to be domain specific is consistent with the hypothesis that greater age-related slowing in the visuospatial domain is responsible for the greater declines observed in spatial working memory.
Unfortunately, the design of the present study did not provide sufficient power for correlational analyses that might address this hypothesis. A relatively small number of young and older adults were recruited because these same individuals had to participate in all three experiments, one of which involved extended practice. Consequently, the power to detect a correlation in the present data with a = .05 (one-tailed test) ranged from .10 to .35, well below that recommended for such analyses (Cohen, 1988) , and the power to detect differences in correlations (e.g., within-domain correlations like visuospatial speed with memory for locations versus between-domain correlations like verbal speed with location memory) was even lower. Further evaluation of the hypothesis that differential slowing leads to domain-specific changes in working memory performance, using either longitudinal designs like that of Hale et al. (1998) or correlational designs with large numbers of participants, is clearly needed.
Although the differential slowing observed on visuospatial and verbal tasks may play a role in the differential deficits in working memory observed in Experiment 2, it is not obvious how processing speed would directly affect the acquisition of novel information in either domain in Experiment 3. Speeded decisions were required in both the verbal and visuospatial learning tasks in this latter experiment, but the focus was on the decrease in the proportion of counting responses between the beginning and the end of practice rather than on the increase in speed per se. Furthermore, any possible age-related differences in encoding speed were controlled for by having each stimulus remain visible to the participant until the participant made a response. Because slower individuals actually got to see the information longer than faster individuals, the older adults should not have been differentially disadvantaged in this regard.
Although speed may not directly affect the acquisition of novel information in Experiment 3, it could still be true that speed had an indirect effect via working memory, hi this regard, several researchers have hypothesized that age-related changes in processing speed are responsible for age-related differences in working memory performance that are, in turn, responsible for deficits in higherorder abilities in both children and older adults (Fry & Hale, 1996; Kail & Salthouse, 1994; Salthouse, 1991 Salthouse, ,1996 . It is not apparent, however, how changes in working memory could be responsible for older adults showing greater difficulty acquiring visuospatial than verbal information in Experiment 3.
We are not suggesting that working memory cannot be involved in the acquisition of skilled performance or in other complex cognitive tasks. In fact, differences in working memory are associated with differences on reasoning and skill learning tasks that require working memory, regardless of whether the working memory differences are due to age or ability (e.g.. Fry & Hale, 1996; Kyllonen & Christal, 1990; Salthouse, 1991) . Individuals with large working memory capacities presumably show greater reasoning ability because they can manage more information simul-taneously while trying to problem solve than individuals with small working memory capacities. However, we know of no reason to suspect that the acquisition tasks in Experiment 3 placed any such demands on working memory. Thus, although the older adults in the present study showed greater deficits in spatial working memory than in verbal working memory (Experiment 2), there is no obvious mechanism by which such deficits could be causally linked to the observed differential age deficits in acquisition (Experiment 3). same amount of damage (or age-related decline), the unimedial network has greater connectivity density which makes it less sensitive to damage than a bimedial network. This suggests the possibility that greater age sensitivity of visuospatial processing reflects differences in the degree of connectivity in the underlying verbal and visuospatial neural networks. However, more sophisticated neurobiological measurement techniques than are currently available may be required to reveal such subtle differences in network architecture.
Neurobiological Mediators
Differences in the age-sensitivity of the neural substrates of visuospatial and verbal processing could potentially provide a possible explanation for the present findings. Such differences could take at least two forms. One possibility is that age-related changes in the brain are focal, adversely affecting structures involved in visuospatial processing to a greater extent than structures involved in verbal processing. Alternatively, it is possible that although age-related changes in the brain are diffuse, they yield differential performance on verbal and visuospatial tasks because the brain areas involved in verbal and visuospatial processing have different neural architectures (Cerella & Hale, 1994) . These two hypothetical accounts are discussed below.
Differential Neurological Degradation
The greater age-related declines in visuospatial than verbal processing may result from differential age-related deterioration in the neural systems involved in verbal and visuospatial processing.
According to an older version of this hypothesis, the right hemisphere regions that subserve visuospatial processing may show more neuronal loss or other damage than the left hemisphere regions that subserve verbal processing (Ellis & Osear-Berman, 1989; Klisz, 1978; Schaie & Schaie, 1977) . However, neurological research comparing the right and left hemispheres has failed to reveal consistent differences in deterioration with age (e.g., Raz, Gunning-Dixon, Head, Dupuis, & Acker, 1998) . In contrast, several neurological studies have demonstrated reliable age-related neurological changes in the frontal lobes and in the hippocampus (e.g., Mittenberg, Seidenberg, O'Leary, & DiGiulio, 1989; Moscovitch & Winocur, 1992; Raz et al., 1998) . At present, it is unclear how these neurological changes could be responsible for the differential deficits in performance of verbal and visuospatial tasks observed in older adults. However, if future research were to reveal that the hippocampus or the frontal lobes are more involved in performance of visuospatial than verbal tasks, then the differential degradation account of the age-sensitivity of visuospatial processing would merit reconsideration.
Differences in Neural Architecture
Alternatively, greater age-related declines in visuospatial than verbal processing could be caused by global (diffuse) losses in the brain if the neural architectures of the verbal and visuospatial systems somehow made them differentially sensitive to such losses. For example, Cerella and Hale (1994) described two types of architecture: a unimedial network and a bimedial network. The primary difference between the two networks is that given the
Conclusions
The present study demonstrated that older adults were slower when processing visuospatial than verbal information on speeded tasks, that they showed larger deficits in memory for locations than for letters, and that they had greater difficulty learning novel visuospatial information than novel verbal information. Taken together, these findings indicate that aging adversely affects visuospatial processing to a greater extent than verbal processing. The pattern of results obtained from this research does not appear to be adequately explained by psychological mediators or by prevailing neurobiological evidence. More research is needed using more sensitive neurobiological measurement techniques, but we believe that significant gains may also be made by exploring domain differences in neural connectivity through neural network models of cognition (Cerella & Hale, 1994) . In particular, investigation of the effects of age-related damage on more realistic multilayered connectionist models (Lawrence, Adams, Myerson, & Hale, 1998) may suggest ways in which hypotheses regarding network architecture can be tested behaviorally.
Finally, the present findings have important implications not only for cognitive aging theory but also for efforts to improve older adults' performance outside the laboratory. If older adults demonstrate deficits in processing visuospatial information but show little decline in their ability to process verbal information (as the present experiments suggest), then real-world tasks should be designed or modified to place greater reliance on verbal than visuospatial processing whenever possible. For example, the present findings suggest that automatic teller machines (ATMs) would be easier for older adults to use if verbal instructions are provided during each transaction. In fact, Rogers and her colleagues (Rogers, Fisk, Mead, Walker, & Cabrera, 1996) recently reported evidence consistent with this suggestion when they trained older adults on ATM machines using different instructional methods. Future research that uncovers the mechanisms responsible for differential age-related deficits in visuospatial and verbal cognition may permit psychologists to better help older adults overcome such processing deficits in their daily lives.
